
United States Patent 
US006757801B1 

(12) (10) Patent N0.: US 6,757,801 B1 
Best et al. (45) Date of Patent: Jun. 29, 2004 

(54) METHOD TO MODIFY THAT AN 6,205,529 B1 * 3/2001 Shagam .................... .. 711/170 
OPERATION NEEDS TO BE DONE ()NA 6,397,311 B1 * 5/2002 Capps ............ .. 711/170 
FILE SYSTEM 6,463,515 B1 * 10/2002 Stedman et al. .. 711/170 

6,470,436 B1 * 10/2002 Croft et al. ............... .. 711/206 

(75) Inventors: Steve Francis Best, Georgetown, TX 65712“ El * 5/2003 Wang'Kmp et a1‘ """ " 707/206 

95k); ggvggsgohn KleikamP> Cedar OTHER PUBLICATIONS 
ar , 

Contiguous File Allocation Algorithm for the File Allocation 
(73) Assigneei IIlIerIlaIiOIlal Business Machines System, IBM Technical Disclosure, vol. 38, Issue 4, Page(s) 

Corporation, Armonk, NY (US) 13434, Apr, 1995* 

( * ) Notice: Subject to any disclaimer, the term of this * Cited by eXaIIliner 
patent is extended or adjusted under 35 _ _ _ _ 

U_S_C_ 154(k)) bydays_days_ Primary Examzner—P1erre Bataille 
(74) Attorney, Agent, or Firm—David A. Mims, Jr. 

(21) Appl. No.: 09/697,581 (57) ABSTRACT 

(22) Filed: Oct- 26’ 2000 This invention involves a method to modify that an opera 
(51) Int CL? G061; 12/06 tion needs to be done on a ?le system. This involves the 
(52) U S C] """""""""""" 707005 concept of “defragmentation”, Which is the process of 

' ' ' """"""""""" " ’ ’ 707/206’ reWriting parts of a ?le to contiguous sectors on a hard disk 

, to increase the speed of access and retrieval. The present 
(58) Fleld of 177111/ invention provides a system administrator Who sets up a 

’ 20’9_ 70’7/206’ 205’ 200’ 100’ pro?le of When the ?le system should have the defragmen 
’ ’ ’ ’ tation utility run. There Would be tWo ?elds in the pro?le; 

(56) References Cited one for the number of times that contiguous allocation failed 

U.S. PATENT DOCUMENTS 

5,398,142 A * 3/1995 Davy ........................ .. 360/48 

5,574,907 A * 11/1996 Jernigan et al. 711/112 
5,761,680 A * 6/1998 Cohen et al. 707/206 
6,185,575 B1 * 2/2001 Orcutt ...................... .. 711/112 

and the other is the siZe of the allocation. No application (?le 
system utility) that uses the ?le system to tell When it is 
fragmented and that a defragmentation utility needs to be 
run. 

12 Claims, 2 Drawing Sheets 

(START A'ITEMPTTO OBTAIN OPTIMUM PERFORMANCE l’ ‘00 

AN APPLICATION REQUESTS THE FILE SYSTEM CREATE OR 
APPEND A FILE, SYSTEM WILLATTEMPTTO ALLOCATE THE 
REQUIRED NUMBER OF DISK BLOCKS CONTIGUOUSLY. 

NO 

THERE IS NO INDICATION TO 
THE USER, OR NO RETURN 
CODE, IS GIVEN TO THE 

APPLICATION TO INDICATE 
THAT TH PROBLEM 
OCCURRED AND NON 
CONTIGUOUS ARE 
ALLOCATED TO THIS 

APPLICATION 

I04 \ 1 
THIS ENDS THIS ASPECT. 

WITH THE USER 
UNAWARE OF THE 

PROBLEM & SLOWEFI 
PROCESS OCCURS - 
PROCESS ENDS 

CAN 
SUFFICIENT NLMBER 

OF wNTIGUOUS DISK BLOCKS 
BE OBTAI NED 

YES 

PRESENT INVENTION - SETS 
UP FILE SYSTEM FOR 
IDENTIFYING WHEN 

DEFRAGMENTKTION UTILITY 
IS NEEDED TO BE RUN, 

AUTOMATICALLY 



U.S. Patent Jun. 29, 2004 Sheet 1 0f 2 US 6,757,801 B1 

(START ATTEMPT TO OBTAIN OPTIMUM PERFORMANCE )x ‘on 

7 

AN APPUCATION REQUESTS THE FILE SYSTEM CREATE OR 
APPEND A FiLE, SYSTEM WILL ATTEMPT TO ALLOCATE THE 

1°‘ \. REQUIRED NUMBER OF DISK BLOCKS CONTIGUOUSLY. 

I02 

CAN 
NO SUFFICIENT NUMBER 

OF OONTIGuOus DIsK BLOCKS 
BE OBTAINED 

10s \ v ' 

THERE IS NO INDICATION TO 105 \ U 
THE USER, OR NO RETURN 
CODE, Is GIVEN TO THE PREsENTINvENTION-sETs 

APPLICATION TOINDICATE uP FILE SYSTEM FOR 
TI-IATTIIIs PROBLEM IDENTIFYING WHEN 
OOCuRREDAND NON- DEFRAOMENTATION UTILITY 
CONTIGUOUS ARE Is NEEDED TO BE RuN, 
ALLOCATEDTOTHIs AUTOMATICALLY 

APPLICATION 

104 \ 

THIS ENDS THIS AsPEcT, 
WITH THE usER 
uNAwARE OF THE 

PROBLEM & sLOwER 
PROCESS OCCuRs - 
PROCEss ENDS 

FIG. 1 



U.S. Patent Jun. 29, 2004 Sheet 2 of2 US 6,757,801 B1 

I ENTER FROM FIG.I } 

TD ACCOMPLISH 10s , THREE FIELDS wILL BE DREATED 
IN THE I=ILEs sv E SUPER BLOCK; FLAG To INDICATE 

200 \ NoN-cDNTIGuous ALLOCATION occuRED. SIZE OF 
REouEsT. COUNTER OF NUMBER ALLocATIoN FAILURES. 

I 
ALL 3 OF (201) PARAMETERS ARE REQUIRED FOR THE 

201 \ FILE SYSTEM TO DETERMINE HOW BADLY THE FILE 
SYSTEM IS FRAGMENTED ' 

I 
A FILE ADMINISTRATOR THEN SETS UP A PROFILE OF 

WHEN THE FILE SYSTEM SHOULD AVE OR 
202 ~\_ FRAGMENTATION UTILITY RUN. THUS THEAU WOULD BE 

2 FIELDS IN THE PROFILE; ONE FOR THE NUMBER TIMES 
THAT CONTIGUOUS ALLOCATION FAILS AND THE OTHER 

FOR START OF THE ALLOCATION 

I 
USING THE EXAMPLE WHERE SIZE = 1M & NUMBER 
FAILURES IS 10, THE AGENT To HANDLE THE 0F IE 

203 \_ FRAGMENTATION UTILITY IS STARTED BY CALLBACK. 
THIs CALLBACK COULD BE REGIsTER AMOUNT OF TIME. 

I 
AGENT AwAITs THE LIMITS IN THE FILE sYsTEIII To HIT 
AND IT WOULD BE NOTIFIED AND THEN THE AGENT 

204 \_ wDuLD sTART To DEFRAGMENTATIDN UTILITY. 

I 
AFTER THE THE DEFRAGMENTATION UTILITY IS 

205 \ RUN, THE DEFRAGMENTATION UTILITY WILL CLEAR THE 
3 NEW FIELDS IN THE SUPER BLOCK 

I 
206 \( PRocEss SUCCESSFULLY ENDS ) 

FIG. 2 



US 6,757,801 B1 
1 

METHOD TO MODIFY THAT AN 
OPERATION NEEDS TO BE DONE ON A 

FILE SYSTEM 

TECHNICAL FIELD 

This invention involves a method to modify that an 
operation needs to be done on a ?le system. This involves 
the concepts of “defragmentation”, Which is the process of 
rewriting parts of a ?le to contiguous sectors on a hard disk 
to increase the speed of access and retrieval. 

BACKGROUND OF RELATED ART 

When an application requests the ?le system create or 
append a ?le, the ?le system Will attempt to allocate the 
required number of disk blocks contiguously. If contiguous 
disk blocks cannot be obtained, no indication or return code 
is given to the application to indicate that this problem 
occurred and noncontiguous blocks are allocated to this 
application. Subsequently, poorer performance can be 
observed Within the application. 

In the present art, this problem is solved by the user 
noticing that the ?le system performance is degrading and 
running a defragmented utility. This, hoWever, is a haphaZ 
ard Way of resolving this problem, because the user may 
experience gradual performance degradation not readily 
attributable to disk fragmentation problems. 

The folloWing de?nitions are given to assist in making the 
present invention more readily understood. 
Fragmentation: This is the scattering of parts of the same 
disk over different areas of the disk. 

Fragmentation occurs as ?les on a disk are deleted and 
neW ?les are added. Such fragmentation sloWs disk access 
and degrades the overall performance of disk operations. 
Utility programs are available for rearranging ?le storage on 
fragmented disks. 
Defragmentation: The process of reWriting parts of a ?le to 
contiguous sectors on a hard disk to increase the speed of 
access and retrieval. When ?les are updated, the computer 
tends to save these updates on the larger continuous space on 
the hard disk Which is often on a different sector than the 
other parts of the ?le. When the ?les are thus “fragmented”, 
the computer must search the hard disk each time the ?le is 
accessed to ?nd all of the parts of the ?le. This sloWs doWn 
the response time. For example, the operating systems 
WindoWs98TM and WindoWsNTTM include fragmentation 
utilities as part of the operating system. 
Flag: Broadly speaking it is a “marker” of some type used 
by a computer in processing or interpreting information; a 
signal indicating the existence or status of a particular 
condition. Flags are used in such areas as communications, 
programming and information processing. Depending on its 
use, a ?ag can be a code embedded in data that identi?es 
some condition. 

Extents: On a disk or other direct access storage device, a 
continuous block of storage space reserved by the operating 
system for a particular ?le or program. 

SUMMARY OF THE PRESENT INVENTION 

For optimal performance, a ?le Written to a disk must be 
placed contiguously. Most advanced ?le systems provide a 
utility to perform defragmentation of the ?le system to 
improve performance. One aspect of the present invention is 
to create “extents” (disk blocks for a ?le) contiguously. 
There are cases, hoWever, Where the ?le system has been 
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2 
fragmented to a point that it is not able to allocate extents 
contiguously. These are When an application requests the ?le 
system create or append a ?le, the ?le system Will attempt 
to allocate the required number of disk blocks contiguously. 
If contiguous disk blocks cannot be obtained, no indication 
or return code, is given to the application to indicate this 
problem occurred and noncontiguous blocks are allocated to 
this application. Subsequently, poor performance can be 
observed Within the application. The present invention has 
been designed to correct this problem. 

Thus, this invention involves a method to modify an 
operation that needs to be done on a ?le system to correct the 
above-referenced problem. This involves the concept of 
“defragmentation”. The present invention provides a system 
“administrator” that sets up a pro?le of When the ?le system 
should have the defragmentation utility run. So there Would 
be tWo ?elds in the pro?le; one for the number of times that 
contiguous allocation failed and the other is the siZe of the 
allocation. No application (?le system utility) that uses the 
?le system to tell When it is fragmented and that a defrag 
mentation utility is needed to be run. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be better understood and its 
numerous objects and advantages Will become more appar 
ent to those skilled in the art by reference to the folloWing 
draWings, in conjunction With the accompanying 
speci?cation, in Which: 

FIG. 1 represents a ?oWchart of When an application 
requests the ?le system be created, Which Will notify the user 
When the defragmentation utility needs to be run; and 

FIG. 2 is a ?oWchart extension of FIG. 1 and completes 
the demonstration of the method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

As noted above, for optimal performance, a ?le Written to 
a disk must be placed contiguously. Most advanced ?le 
systems provide a utility to do defragmentation of the ?le 
system to improve performance. One function of the present 
invention is to create “extensions” (disk blocks for a ?le) 
contiguously. 

There are cases, hoWever, Where the ?le system has been 
fragmented to a point that it is not able to allocate extensions 
contiguously. 
When an application requests the ?le system create, FIG. 

1 at 101, or append a ?le, the ?le system Will attempt to 
allocate the required number of disk blocks contiguously. If, 
query FIG. 1 at 102, contiguous disk blocks cannot be 
obtained, no indication or return code is given, FIG. 1 at 103, 
to the application to indicate this problem occurred and 
noncontiguous blocks are allocated to this application. 
The problem is currently solved by the user noticing that 

the ?le system performance is degrading and then running a 
defragmentation utility, FIG. 1 at 104. This is a haphazard 
Way of resolving this because the user may experience a 
gradual performance degradation, not readily attributable to 
disk fragmentation. 
The present invention solves the problem in a ?le system, 

at FIG. 1 at 105, of identifying When the defragmentation 
utility needs to be run. To do this, three ?elds Will be created 
in the ?le system’s (FIG. 2 at 200) super block. A super 
block is a structure that holds information about the ?le 
system (eg ?le system siZe, volume label, block siZe and so 
forth). 



US 6,757,801 B1 
3 

The three ?elds are (FIG. 2 at 201): 
1. Flag to indicate the noncontiguous allocation occurred. 
2. Size of the request. 
3. Counter of the number allocation failures. 

All three ?elds are needed for the ?le system to determine 
hoW badly the ?le system is fragmented (FIG. 2 at 201). 

For example, if the ?le has the “contiguous failed ?ag” 
and the siZe that cannot be allocated is 1M and the count is 
10, this ?le system needs to be defragmented very soon and 
the application could be modi?ed; thus, avoiding a potential 
problem for the end user. 
An additional part of this inventions is that an adminis 

trator (FIG. 2 at 202) Would setup a pro?le of When the ?le 
system should have the fragmentation utility run; so there 
Would be tWo ?elds in the pro?le: one for the number of 
times that contiguous allocation failed and the other, the siZe 
of the allocation. Using the eXample above (FIG. 2 at 203), 
the siZe=1M and number of failures is 10. The agent to 
handle the start of a defragmentation utility is started by call 
back and this call back could be registered at mount time. So 
the agent is just Waiting for (FIG. 2 at 204) the limits in the 
?le system to hit, causing the system to be noti?ed and the 
agent to start the defragmentation utility. After the defrag 
mentation utility is run, the defragmentation utility Would 
clear the three neW ?elds in the super block (FIG. 2 at 205). 
The defragmentation process successfully ends (FIG. 2 at 
206). 
As the Internet groWs, there Will be neW requirements 

placed on the ?le systems to do streaming and ?le serving 
items through the World Wide Web (Web). All of the ?les in 
these types of environments must be fast and have contigu 
ous disk blocks for these ?les to deliver optimal perfor 
mance. No application (?le system utility) that uses the ?le 
system to tell When it is fragmented and that a defragmen 
tation utility needs to be run. Normally, the process to run 
the defragmentation utility is that the ?le system has been 
used for several months, the ?le system performance is no 
longer optimal and the user needs to run the defragmentation 
utility. 

While the invention has been shoWn and described With 
reference to particular embodiments thereof, it Will be 
understood by those skilled in the art that the foregoing and 
other changes in form and detail may be made therein 
Without departing from the spirit and scope of the invention. 
What is claimed is: 
1. A computer based method for modifying operations to 

determine the need for “defragmentation” of a ?le compris 
mg: 

attempting to place said ?le Written to a disk so that said 
?le is placed contiguously on the hard drive; 

identifying the eXtent that the fragmentation utility needs 
to be run by creating three ?elds in a ?le system’s super 
block; 

said three ?elds comprising: 
a Flag to indicate a noncontiguous allocation occurred, 
the siZe of the request, and 
a counter of the number of allocation failures; 

determining When said ?le needs to be defragmented 
using said ?elds in order to attain the desired said 
contiguous ?le; and 

establishing a ?le administrator to setup a pro?le of When 
a ?le system has a defragmentation utility run on a 
speci?c ?le. 

2. The method of claim 1, further including the step of: 
employing said administrator to establish tWo ?elds in 

said pro?le; 
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4 
a ?rst ?eld for the number of times that contiguous 

allocation failed; and 
a second ?eld for the siZe of the allocation. 
3. A computer based method for modifying operations to 

determine the need for “defragmentation” of a ?le compris 
ing: 

attempting to place said ?le Written to a disk so that said 
?le is placed contiguously on the hard drive; 

identifying the eXtent that the fragmentation utility needs 
to be run by creating three ?elds in a ?le system’s super 

block; 
said three ?elds comprising: 

a Flag to indicate a noncontiguous allocation occurred, 
the siZe of the request, and 
a counter of the number of allocation failures; 

determining When said ?le needs to be defragmented 
using said ?elds in order to attain the desired said 
contiguous ?le; and 

employing a ?le system to create eXtents, for contiguously 
?lling; and correcting a problem Where a ?le is highly 
fragmented and not able to allocate eXtents contigu 
ously. 

4. A computer based method for modifying operations to 
determine the need for “defragmentation” of a ?le compris 
ing: 

attempting to place said ?le Written to a disk so that said 
?le is placed contiguously on the hard drive; 

identifying the eXtent that the fragmentation utility needs 
to be run by creating three ?elds in a ?le system’super 
block; 

said three ?elds comprising: 
a Flag to indicate a noncontiguous allocation occurred, 
the siZe of the request, and 
a counter of the number of allocation failures; 

determining When said ?le needs to be defragmented 
using said ?elds in order to attain the desired said 
contiguous ?le; 

creating eXtents or disk blocks for a ?le contiguously; 

identifying When a ?le system requires that a said defrag 
mentation utility needs to be run, by creating three 
different ?elds in the ?le system’s super block; 

said three different ?elds comprising: 
a ?le system siZe, 
a volume label, and 
a block siZe. 

5. A computer based system modifying operations to 
determine the need for “defragmentation” of a ?le compris 
ing: 
means for placing said ?le, Written to a disk, so that said 

?le is placed contiguously on the hard drive; 
means for identifying the eXtent that a fragmentation 

utility needs to be run, by creating three ?elds in a ?le 
system’s super block; 

said three ?elds comprising: 
a ?ag to indicate a noncontiguous allocation occurred, 
the siZe of the request, and 
a counter of the number of allocation failures; and 

means for determining When said ?le needs to be defrag 
mented using said ?elds in order to attain the desired 
said contiguous ?le, 
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wherein a ?le administrator setup a pro?le of When a ?le 
system has a defragmentation utility run on a speci?c 
?le. 

6. The system of claim 5 Wherein; 
said administrator establishes tWo ?elds in said pro?le; 

a ?rst ?eld for the number of times that contiguous 
allocation failed; and a second ?eld for the siZe of the 
allocation. 

7. A computer based system modifying operations to 
determine the need for “defragmentation” of a ?le compris 
ing: 

means for placing said ?le Written to a disk, so that said 
?le is placed contiguously on the hard drive; 

means for identifying the eXtent that a fragmentation 
utility needs to be run, by creating three ?elds in a ?le 
system’s super block; 

said three ?elds comprising: 
a ?ag to indicate a noncontiguous allocation occurred, 
the siZe of the request, and 
a counter of the number of allocation failures; 

means for determining When said ?le needs to be defrag 
mented using said ?elds in order to attain the desired 
said contiguous ?le, Wherein 
the ?le system creates eXtents for contiguously ?ling; 

and correcting a problem Where a ?le is highly 
fragmented and not able to allocate eXtents contigu 
ously. 

8. A computer based system modifying operations to 
determine the need for “defragmentation” of a ?le compris 
ing: 

means for placing said ?le Written to a disk, so that said 
?le is laced contiguously on the hard drive; 

means for identifying the eXtent that a fragmentation 
utility needs to be run, by creating three ?elds in a ?le 
system’s super block; said three ?elds comprising: 
a ?ag to indicate a noncontiguous allocation occurred, 
the siZe of the request, and 
a counter of the number of allocation failures; 

means for determining When said ?le needs to be defrag 
mented using said ?elds in order to attain the desired 
said contiguous ?le, Wherein said system creates 
extents or disk blocks for a ?le contiguously; 

means for identifying When a ?le system requires that a 
said defragmentation utility needs to be run, by creating 
three different ?elds in the ?le system’s super block; 

said three different ?elds comprising: 
a ?le system siZe; 
a volume label, and 
a block siZe. 

9. The computer program product having a programmable 
code included on a computer readable medium for a com 
puter based system, modifying operations to determine the 
need for “defragmentation” of a ?le comprising: 

means for placing said ?le Written to a disk so that said ?le 
is placed contiguously on the hard drive; 

means for identifying the eXtent to Which the fragmenta 
tion utility needs to be run, by creating three ?elds in 
a ?le system’s super block; 
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6 
said three ?elds comprising: 

a ?ag to indicate a noncontiguous allocation occurred, 
the siZe of the request, 
a counter of the number of allocation failures; and 

means for determining When said ?le needs to be defrag 
mented using said ?elds in order to attain the desired 
said contiguous ?le, Wherein 
a ?le administrator setup a pro?le of When a ?le system 

has a defragmentation utility run on a speci?c ?le. 
10. The computer program product of claim 9 Wherein: 
said administrator establishes tWo ?elds in said pro?le; a 

?rst ?eld for the number of times that contiguous 
allocation failed and a second ?eld for the siZe of the 
allocation. 

11. The computer program product having a program 
mable code included on a computer readable medium for a 
computer based system, modifying operations to determine 
the need for “defragmentation” of a ?le comprising: 
means for placing said ?le Written to a disk so that said ?le 

is placed contiguously on the hard drive; 
means for identifying the eXtent to Which the fragmenta 

tion utility needs to be run, by creating three ?elds in 
a ?le system’s super block; 

said three ?elds comprising: 
a ?ag to indicate a noncontiguous allocation occurred, 
the siZe of the request, 
a counter of the number of allocation failures; and 
means for determining When said ?le needs to be 

defragmented using said ?elds in order to attain the 
desired said contiguous ?le, Wherein 

the ?le system creates extents for contiguously ?ling; and 
correcting a problem Where a ?le is highly fragmented 

and not able to allocate eXtents contiguously. 
12. The computer program product having a program 

mable code included on a computer readable medium for a 
computer based system, modifying operations to determine 
the need for “defragmentation” of a ?le comprising: 
means for placing said ?le Written to a disk so that said ?le 

is placed contiguously on the hard drive; 
means for identifying the eXtent to Which the fragmenta 

tion utility needs to be run, by creating three ?elds in 
a ?le system’s super block; 

said three ?elds comprising: 
a ?ag to indicate a noncontiguous allocation occurred, 
the siZe of the request, 
a counter of the number of allocation failures; and 
means for determining When said ?le needs to be 

defragmented using said ?elds in order to attain the 
desired said contiguous ?le, 

means for identifying When a ?le system requires that 
a said defragmentation utility needs to be run, by 
creating three different ?elds in the ?le system’s 
super block; 

said three different ?elds comprising: 
a ?le system siZe, 
a volume label, and 
a block siZe. 


